Background-One hypothesis suggests that the differential response to ondansetron and serotonin specific re-uptake inhibitors (SSRIs) may be due to a functional polymorphism of the 5′-HTTLPR promoter region in SLC6A4, the gene that codes for the serotonin transporter (5-HTT). The LL 5′-HTTLPR genotype is postulated to be specifically sensitive to the effects of ondansetron with SS/SL 5′-HTTLPR genotypes sensitive to SSRIs. This study tests this hypothesis by matching non-treatment seeking alcohol dependent (AD) individuals with LL genotype to ondansetron and SS/SL genotypes to the SSRI sertraline, and mis-matching them assessing naturalistic and bar-laboratory alcohol drinking.
Introduction
Pre-clinical and clinical research suggests that serotonin (5-HT) is affected by and associated with the development and maintenance of alcohol dependence (AD), (Kenna, 2010) . The role of 5-HT in neural mechanisms underlying mood and stress responses was clearly demonstrated (e.g. Ressler and Nemeroff, 2000) . Furthermore, increasing synaptic 5-HT by blocking re-uptake is shown to reduce alcohol consumption (Daoust et al., 1985; McBride et al., 1989) . Therefore, pharmacotherapies targeting the serotonergic system have been studied as potential treatments for alcoholism (Schuckit, 1996) . Unfortunately, results of clinical trials using serotonin specific re-uptake inhibitors (SSRIs) and the 5-HT 3 antagonist ondansetron, have been inconsistent particularly for heterogeneous groups of alcoholics Johnson et al., 2011; Kranzler et al., 1995; Kranzler et al., 2011; Pettinati et al., 2000) .
Given that AD has approximately 50 to 60% heritability (Enoch and Goldman, 1999; Prescott and Kendler, 1999 ) the prospect that the positive outcomes to drug therapy are at least partly dependent on genetic predisposition for alcoholism is strong (Naranjo et al., 2002) . Additionally, there is substantial evidence that alcohol use differs among various subtypes of individuals based on heredity (Cloninger et al., 1981) . To explain the inconsistent results of serotonergic drugs as treatments for alcoholism, a "subtype hypothesis" suggests that alcoholics, generally who begin drinking heavily by the age of 25 years old, have a biological predisposition for alcoholism from a dysregulation of 5-HT primarily associated with 5-HT transporter (5-HTT) function. The 5-HTT is responsible for 5-HT reuptake into presynaptic neurons and regulates the concentration of 5-HT in the synaptic cleft. Control of the 5-HT system may be regulated by genetic differences in the SLC6A4 gene (Johnson, 2000) . Two 5′-HTTLPR polymorphic variations are designated as long (L) and short (S) , resulting in three biallelic genotypes: LL, SS and SL. The LL genotype has a higher transcriptional activity in vitro compared to SS and SL . A difference in the distribution of these genotypes is proposed to result in the variation of the rate of removal of 5-HT from the synapse , and the variation is putatively associated with the psychopathology of alcoholism (Johnson, 2000) . Johnson et al. (2008) demonstrated that 5-HTT expression varies with current and lifetime alcohol consumption in people with the LL but not SS/SL genotypes. The LL genotype is hypothesized to moderate the effectiveness of ondansetron, a 5-HT 3 antagonist, in contrast with, the SS/SL genotypes that are hypothesized to moderate the effect of the SSRI class drugs (Johnson, 2000) .
One way to test such a hypothesis is to assess alcohol consumption when the same 5′-HTTLPR genotyped individuals with AD are matched and mismatched to both ondansetron and to an SSRI class drug, in this case sertraline. Along these lines, the primary objective of a pilot study we performed was to assess alcohol consumption by matching individuals with the LL genotype to ondansetron and individuals with SS/SL genotypes to sertraline, and then mismatching them (LL to sertraline and SS/SL to ondansetron) using a within and between group design (Kenna et al., 2009) . Fifteen non-treatment seeking alcohol dependent individuals were randomized to one of two counterbalanced arms to receive either sertraline 200 mg daily or ondansetron 0.25 mg twice daily for three weeks followed by an alcohol self-administration experiment (ASAE), then received placebo for three weeks followed by a second ASAE. Participants then received the alternate drug for three weeks followed by a third ASAE (see Figure 1. ). At the first ASAE compared to sertraline, ondansetron improved drinking outcomes for the LL genotype and volume (mls) of alcohol consumed during the ASAE [t(5) = 2.35, p = 0.07], and significantly for DDD during the seven days prior to the ASAE [t(5) = 4.34, p = 0.007]. Logically we considered given the short three-week period of drug exposure, that the seven-day period prior to the first and third ASAEs maximized the pharmacodynamic effects of each drug and subsequent effect on drinking. Our original design called for threesix-week periods (19 weeks overall) however in our experience we were concerned with drop-outs, given that that these were non-treatment seeking individuals who may not have the strongest motivation to complete the study.
Compared with ondansetron, outcomes at ASAE 1 for sertraline and SS or SL genotypes were opposite what was hypothesized. Overall, as there was an order effect, as individuals reduced both naturalistic and ASAE drinking across their participation in the trial. Nevertheless, this study suggests that ondansetron may reduce alcohol consumption in alcohol-dependent individuals who have the LL genotype. By contrast there was no support that sertraline reduces alcohol use in individuals who have SS or SL genotypes. However, a major limitation of this pilot study was the small sample (Kenna et al., 2009 ).
In the current study, we present data from a larger trial using the exact same paradigm. Utilizing genotypes to match (LL to ondansetron, SS/SL to sertraline) and mismatch (LL to sertraline, SS/SL to ondansetron) individuals to examine two important hypotheses: (1) the efficacy of ondansetron for reducing drinking in non-treatment seeking participants who carry the LL genotype compared to sertraline, would result in a significant reduction in alcohol consumption as measured by naturalistic alcohol consumption in the seven-day (one week) period leading up to the first and third ASAEs and alcohol consumed during these two ASAEs; and (2) the efficacy of sertraline compared to ondansetron for reducing drinking in participants who carry either the SL/SS genotypes in the seven-day period leading up to the first and third ASAEs and alcohol consumed during these ASAEs. Additionally we looked at these results by gender and also sought to determine if urge, compulsions or obsessions might be potential mechanisms for how these drugs work.
Materials and Methods

Participants
The present sample was recruited with local advertisements in the Providence, RI area. The study was conducted at the Brown University Center for Alcohol and Addiction Studies and approved by the Brown University Institutional Review Board and listed on clinicaltrial.gov (NCT01113164).
Inclusion criteria
Participants were men or women between 21 and 65 years old (inclusive); in good health as confirmed by medical history, physical examination, electrocardiogram, laboratory tests, urinalysis and vital signs; female participants were: postmenopausal for at least one year, surgically sterile, or practicing an effective method of birth control before entry and throughout the study; had a negative urine pregnancy test at baseline screening and prior to the three alcohol challenge sessions; participants understood that this was not a treatment study; were diagnosed with AD as assessed by the Structured Clinical Instrument for the Diagnostic and Statistical Manual of Mental Disorders -IV-(SCID-I/P; First et al., 2002) , were drinking at least ≥ 35 standard drinking units (SDUs)/week for men or ≥ 28 SDUs/ week for women on average during the 90-day period before screening, and were not seeking treatment for AD; an Alcohol Use Disorders Identification Test (AUDIT; score ≥ 12; willing to take oral medication, adhere to the medication regimen and to return for weekly visits and the alcohol challenge sessions; be able to read and comprehend written instructions at an 8 th grade level and comprehend and complete all scales and inventories required by the protocol; must have signed an informed consent and were instructed not to consume alcohol in the 24 hour period prior to the alcohol challenge sessions.
Exclusion criteria
Excluded were individuals with Axis I DSM-IV diagnoses other than alcohol and nicotine dependence; pregnancy or breast feeding women; positive urine drug screen at baseline for any illegal substance other than marijuana; participants were excluded if they had: (a) clinically significant medical abnormalities as determined by the study physician; medical contraindications or allergy to sertraline or ondansetron; drugs that interfered with the metabolism of either; might be institutionalized during the course of the trial or pending legal charges; participants who had significant alcohol withdrawal symptoms, Clinical Institute Withdrawal Assessment for Alcohol (CIWA-Ar) revised score >10 (Sullivan et al., 1989) ; lifetime depression or history of suicide, seizures (e.g. epilepsy) or migraine headaches; current use of psychotropic medications that could not be discontinued. Persons with medical conditions that were adequately controlled by their primary care physician were not excluded.
Study design
The experimental design was a placebo-controlled mixed two-factor design in which the 5′-HTTLPR genotypes (LL vs. SS/SL) were crossed with the medication conditions (withinsubjects factor). Baseline drinking and gender were statistically controlled for. The order of the active medications was controlled for by randomly assigning half the subjects to receive 200 mg/day of sertraline for the first active medication phase, and the other half to receive 0.25 mg twice/day of ondansetron for the first medication phase. The researchers were blinded to the two medication conditions, and individuals were blinded to all conditions. All received three weeks of either ondansetron or sertraline, followed by three weeks of placebo, followed by three weeks of the other active medication (see Figure 1 ). There was an uptitration of sertraline over 12-days and a taper over seven-days when giving sertraline. The placebo period was essentially used as a washout in order to taper sertraline down when administered first. When sertraline was administered last, the down-taper occurred during the week following the third ASAE. Individuals taking ondansetron during the last period, received placebo capsules during the week after the third ASAE. The proportion of genotypes is about 35% (LL), 49% (SL) and 16% (SS) in the alcoholic population (Parsian and Cloninger 2001) . When compared to the general alcoholic population there were slightly more LL participants (44%) than SS/SL participants (56%) anticipated in this study. There were nine participants with the LL genotype that received ondansetron first and 15 with the LL genotype that received sertraline first. There were 18 participants with the SS or SL genotypes that received ondansetron first and 13 with the SS or SL genotypes that received sertraline first. Therefore, 40% of the sample received the hypothetical matching medication first (ondansetron + LL genotype and sertraline + SS/SL genotypes) and 60% of the sample received a hypothetical mismatched (sertraline + LL genotype and ondansetron + SS/SL genotypes) medication first.
Statistical Analysis
Analyses consisted of repeated measures ANCOVAs on the two dependent measures (DDD the week prior and square root of mls consumed during the ASAEs) for the 3 ASAE sessions, and then the two active medication phases (the first and third ASAE) of the study. Terms for genotype and order of medication, a 2-way interaction, and 3-way interaction (genotype X order X time), along with the covariates of baseline DDD and gender were in the model. ANCOVAs on each of the time points examined separately were conducted, subsequently. Further, medication, genotype, and genotype X medication interaction were examined during the first ASAE on the Alcohol Urge Questionnaire (AUQ; assessed throughout the ASAE. A similar analysis was conducted using the Obsessive Compulsive Drinking Scale (OCDS; Anton et al., 1995) , and these two analyses were conducted to test for a possible mechanism of action of the medications. Finally, we examined hypothesized medication matches and mismatches separately for each gender during the first ASAE through t-tests. Consistent with our aims, matches were individuals with the LL-genotype who received ondansetron and SS/SL-genotypes who received sertraline. Matches were predicted to drink less than mismatches. Mismatches were individuals with the LL-genotype who received sertraline or SS/SL-genotypes and received ondansetron. In addition, given the considerable pharmacodynamic carry-over for sertraline and short medication intervals, we did not perform outcomes involving comparisons to placebo.
Procedure
Complete descriptions of the Study Design and Procedure were previously published and are identical to that study (Kenna et al., 2009) . In brief, an ASAE was conducted at the end of each of the three medication phases. The procedure involved administration of a priming drink that had to be consumed. The volume of alcohol for all drinks was adjusted for gender, body mass and age. The AUQ and OCDS were administered at the start and every 30 minutes during each ASAE. During each ASAE, individuals were offered two trays of four drinks each, each tray followed by a 45 minute drinking period. As an alternative reinforcement, participants received $3.00 for each drink they chose not to consume.
Genotyping
The cheeks and gums were rubbed for 20 seconds with three sterile, cotton-tipped wooden swabs. The analysis was performed at the Veterans Memorial Hospital in Providence, RI. A complete description of the genotyping procedure was previously described (Kenna et al., 2009) .
RESULTS
Seventy-seven participants were urn-randomized to receive ondansetron first or sertraline first, based on gender and baseline DDD. The sample was 35% female, and consisted of 5.2% Hispanic, 1.3% American Indian or Alaskan Indian, 20.8% African-American, 64.9% Caucasian and 7.8% were individuals of more than one ethnicity. Fourteen percent of the sample was employed full-time, 31% part-time, 5% were students, 5% were retired or disabled, 5% were homemakers, and 40% were unemployed. Twenty-nine percent were married or cohabiting, 3% were widowed, 2% were separated, 16% were divorced, and 48% were single and never married. The age ranged from 21 through 65 years old (M = 43.4, SD = 10.4). The average AUDIT score at baseline was 16.2 (SD = 7.3). The mean DDD during a 28-day baseline period was 12.87(SD = 7.16) SDUs. Forty six percent of the sample had the LL genotype. Genotype frequencies were in Hardy-Weinberg equilibrium.
Data were available for 55 participants who completed the entire study including the two active medication phases. The majority of dropouts (28.5%) were lost to follow-up, or did not complete the study because they started a new job or for family or other personal reasons. The attriters and completers were compared on baseline drinks per drinking day, age, gender, and ethnicity/race. There was no statistical difference between the completers and attriters on any of these comparisons. Those receiving ondansetron first and those receiving sertraline first, were equivalent on gender [44% women and 32% women, respectively; χ 2 (1, N = 55) = 0.88, p = .35]. In regard to genotype and randomization, the 4 cells were: n of 9 = o1g1; 18=o1g2; 15=o2g1; and 13=o2g2 (see Table 1 ). Women were evenly distributed across the four cells. There were four to six women in each of the four Drinks per Drinking Day-Naturalistic drinking was assessed as DDD throughout the study by the Time-line Follow Back (TLFB; Sobell and Sobell,1992) and approximated normal distributions (kurtosis and skew <±2>). A repeated-measures ANCOVA was conducted using the TLFB data for the DDD data. Subjects were included if they had TLFB data for the seven-day periods leading up to the two active (first and third ASAEs) medication periods. In this cross-over design a genotype x order x time interaction and/or a genotype x order interaction were hypothesized. Figure 2 shows there were four potential treatment conditions. Analyses examined the two outcomes, DDD in the seven days prior to the two active ASAEs and milliliters (mls) of alcohol consumed during the two active ASAEs by medication condition (ondansetron x sertraline) and 5′-HTTLPR genotypes (LL vs. SS/SL) across the ASAEs. With all three experimental periods included (the first active medication, the placebo, and the second active medication), and gender and baseline DDD entered as covariates the three-way interaction (genotype x order x time) was not significant [F(1,47) = 0.92, p = .34]. The two-way interaction however (genotype X order) was significant [F(1,47) = 8.42, p = .006]. There were four main statistical tests conducted: genotype x order x time interaction, and the genotype x order interaction, crossed by the two primary dependent variables. To test for Type I error we conducted a Bonferroni correction that remained significant [i.e, p = .006 < p = .0125]. When the first and third ASAEs were assessed, a two-way interaction was still significant [F(1,47) = 7.40, p = .009].
Three separate dependent measure ANCOVAs were conducted for DDD during the week before the first, second (though not important for these analyses), and third ASAEs respectively (with gender and baseline DDD as covariates), and the interaction terms examined. This interaction was significant for the first ASAE [F(1,47) = 7.64, p = .008] and the second ASAE [F(1,47) = 5.46, p = .02], but not the third ASAE [F(1,47) = 1.45, p = .24] (see Table 2 and Figure 2 ).
We also examined participants drinking outcomes by gender when they were matched (LL + ondansetron and SS/SL + sertraline) compared to mismatched (LL + sertraline and SS/SL + ondansetron). Women with the LL 5′-HTTLPR genotype receiving ondansetron and women with SS/SL 5′-HTTLPR genotypes receiving sertraline (matched) [M= 7.9, SD = 4.1] drank significantly fewer DDD during the seven-days prior to the first ASAE than women receiving the mismatched medications (i.e. sertraline to LL and ondansetron to SS/SL) [M= 15.2, SD = 9.3; t(14. 3)=2.35, p=.03] (see Figure 3) . Alcohol consumed by the matched vs. mismatched groups during each ASAE for women and both drinking outcomes for men were not significant.
Alcohol consumed during the ASAEs-Milliliters of alcohol consumed after the priming drink during the ASAEs had a kurtosis > +2 so these outcome variables were transformed using a square root transformation. An ANCOVA with gender and baseline DDD as covariates, revealed a non-significant three-way interaction (genotype x order x time) and two-way interaction (genotype x order) when all three ASAEs were considered. When only the first and third ASAEs were used as outcome measures the three-way and two-way interactions were also not significant.
To further evaluate the data, three separate ANCOVAs were conducted for each of the ASAEs: none of the 2-way interactions were significant. Gamma glutamyl-transferase (GGT) was assessed at four time points and GGT at baseline was found to be correlated with baseline DDD [r(45) = .43, p = .003] lending some support to the validity of the TLFB data.
Assessing mechanisms of action
Alcohol Urge Questionnaire (AUQ)-We focused on the first ASAE since this is where the ondansetron effect was most robust. A repeated-measures ANCOVA for AUQ assessed throughout the ASAE session was conducted and medication did not predict AUQ score (p = .20). In another analyses, the AUQ score at Week 0 was dropped, and the first AUQ score (T0) at Week 4 was entered as a covariate instead of an outcome variable, with similar results (p = .20).
Obsessive Compulsive Drinking Scale (OCDS)-A parallel set of analyses were conducted for the OCDS scale. Medication did not predict OCDS scores when the seven time points for the first ASAE were used (p = .23). When the OCDS score from Week 0 was dropped as a covariate, the medication effect was also not-significant (p = .12).
DISCUSSION
The primary aim of this study was to test the "subtype hypothesis" (Johnson, 2000) and evaluate the potential for ondansetron to reduce drinking in non-treatment seeking participants with AD who carry the LL genotype and sertraline to reduce drinking in participants who carry the SS/SL genotypes. Our results suggest that there is modest support for ondansetron improving drinking outcomes in participants with the LL genotype. There was however, no support that individuals with SS/SL genotypes receiving sertraline reduced naturalistic drinking. Further, neither drug reduced alcohol consumed during any of the ASAEs. The mechanism of action for ondansetron to reduce drinking in this study was not mediated by urge, compulsions or obsessions to consume alcohol.
The positive effect of ondansetron reducing drinking in our individuals leading up to the first ASAE with the LL genotype is consistent with our previous results demonstrating the efficacy of ondansetron in non-treatment seeking subjects (Kenna et al., 2009) . Outcomes for alcohol consumption by individuals with SS/SL genotypes receiving sertraline were not significant thus providing little support for the use of sertraline by individuals who carry the SS and SL genotypes. One should however, not draw conclusions regarding sertraline's efficacy from this study given our short administration periods and population. We were also cognizant of the importance of the 5′-HTTLPR tri-allele L A L A (also called L′L′ see Kranzler et al., 2011) however we had only 18 L A L A participants with 0 participants in a cell and were unable to complete any planned analyses.
While our results provide some support for our aims, it is notable that there has been an evolution in recognizing the importance of genetics involving serotonergic treatments for alcoholism. Johnson and colleagues (2011) for example, demonstrated how a singlenucleotide polymorphism (SNP) could influence treatment in a trial with AD patients with the LL genotype. Patients with the LL genotype who received ondansetron 4 mcg/kg twice a day reported significantly fewer DDD and greater percent days abstinent compared to placebo. Further, patients with the LL genotype and SNP (T/G), rs1042173 variants interacted significantly. Individuals with the combined LL/TT genotypes in the ondansetron group had a significantly lower number of DDD and significantly greater percent days abstinent than all other genotype and treatment groups combined.
By contrast, while scientific evidence continues to grow that attributes the effectiveness of ondansetron to the LL genotype and potentially amplified by other polymorphisms, the influence of age of onset of alcoholism and gender has waned despite treatment studies that potentially demonstrate some importance with specific subgroups Pettinati et al., 2004; Kranzler et al., 2011) .
In our study, we also demonstrated a significant reduction in alcohol consumption in women but not men, whose genotype was matched to the hypothesized serotonergic drug compared to mismatched (see Figure 3 ). Taken together, one possible explanation why men and women as well as adolescents and adults may differ on genetic associations could be related to changes in gene expression as a consequence of neuroendocrine influences that change developmentally over time (Munafò et al., 2005; Edelman et al., 2012) . Additionally, there are strong and consistent differences in sex and stress hormones between men and women that affect or are affected by alcohol consumption. Therefore there is enough extant evidence to suggest that temporal and gender differences in response to treatment for AD with sertraline and ondansetron could occur and that these differences could at least be partially moderated by genetic polymorphisms and polymorphic combinations that affect treatment efficacy at the time of study (Kenna et al., 2012; Mendelson and Mello, 1988; Pettinati et al., 2004; Roache et al., 2008) . Consistent with our pilot study, non-treatment seeking alcoholic individuals reduced drinking across their participation in the trial as there was a significant order effect. Though these individuals were not seeking treatment for their AD, perhaps given the opportunity to receive a pharmacological treatment they were more motivated to reduce their drinking as the trial progressed. Alternately, the order effect may have been a function of repeated administrations of the TLFB assessments and ASAEs. Initially there may have been a novelty effect for the first ASAE as participants may not be used to an "open bar" experiment in a research setting. Moreover, after experiencing the first ASAE, participants may have thought that not drinking during the ASAEs would allow them to leave earlier. However, we tried to minimize this effect as everyone was required to stay a minimum of two hours after each ASAE. We also considered performing a baseline ASAE but felt that not only was the study design valid as performed, by using each person as their own control, an additional ASAE would have imposed additional study burden on the individuals. Ultimately however, using this design in a non-treatment seeking population presents significant challenges in terms of keeping participants fully engaged over an extended period of time and to repeatedly drink in an artificial bar-lab. Perhaps over a short period of time leading up to one ASAE remains a valid and reliable way to assess a drinking response to pharmacotherapy, however we would not recommend this particular within-subjects design be used in the future with non-treatment seeking alcoholics.
One of the strengths of our design was the careful measurement of the amount of alcohol consumed during controlled environmental conditions (the ASAEs). Further, the use of the same individual as their own control taking both drugs was a unique contribution to alcohol pharmacotherapy research and also increased our statistical power. Significant limitations to this research though should also be noted. First, while the design itself was a strength the 3-week segments resulted in short treatment periods, as well as a short placebo period that we were concerned may provide inaccurate data given the sertraline taper and could therefore not use it for any meaningful analysis. Second, while larger than our pilot trial, the small sizes of the cells could have contributed to instability of the results. A subsequent lack of statistical power may still have limited our ability to consider the full importance of this research within the context of endophenotype response to medications. Third, since this study was conceived, several other important polymorphisms were identified with less emphasis on age of onset as a treatment moderator (Johnson et al., 2011; Johnson et al., 2013) , but were not possible to test in our study. Moreover, we attempted to examine our results in light of the importance of the L A L A genotype however our cell sizes were incomplete. Therefore there is much more that could be done to improve this research and study design.
In conclusion, the present findings modestly support the hypothesis of ondansetron as a medication with efficacy in adult alcoholic individuals with the LL 5′-HTTLPR genotype. While these results must be considered within the framework of our limitations, we suggest that future research in larger samples proceed by assessing both genetic and alcoholic subtypes. Several studies with serotonergic medications have highlighted the importance of moderation of alcohol use by gender and age as well as the 5′-HTTLPR and other polymorphisms. Resultant clinical matching of AD patients both genetically and by subtype to the proper therapy may still be critical to successful treatment outcomes for a broader group of alcoholic individuals. Note: *p < .05; **p <.01; o1g1: ondansetron-long; o1g2: ondansetron-short; o2g1: sertraline-long; o2g2: sertraline-short 
